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Acoustic grating reflector: analogy between acoustic and
photonic wave equations

The aim of this theoretical project is to investigate the reflection properties of the acoustic sub-wavelength
grating by using analogy between photonic and acoustic wave equations.
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Figure 1. (a) An example of acoustic bandgap material. (b) Schematic of the high contrast
grating.

It is well known that the similarity between the Schrodinger equation for electrons and the wave equation
for photons leads to lots of analogy between solid-state materials and photonic crystals. Interestingly, such
a similarity is found also between the acoustic and the photonic wave equations. For example, as shown in
Fig. 1(a), a periodic array of materials called acoustic bandgap material may have a specific frequency range
at which acoustic waves cannot propagate. This frequency range is called acoustic bandgap. To have a high
reflection for incident acoustic waves, several periods of materials are required.

In the photonic counter part, it has been recently reported that a thin single grating layer called high-index-
contrast grating (HCG) as shown in Fig. 1(b), can exhibit very high reflectivity over an even broader
frequency range than the photonic bandgap material. The reflection mechanism of the HCG is quite
different from that of the photonic bandgap material. DTU has been among pioneers for research on the
HCG, e.g. [1-3]. Referring again to the analogy between the acoustic and the photonic wave equations, we
expect that an acoustic version of the HCG is likely to exist. If it exists, it can potentially innovate lots of
acoustic wave related designs. Possible applications include compact earthquake wave reflector, compact



sound waveguide, compact sound lens, and compact sound resonator. DTU Fotonik has extensive
theoretical experiences on conventional acoustic bandgap materials, e.g. [4, 5].

In this project, we aim at goals as follows (which can be modified according to the student’s interest):

e Find and understand the Eigen modes in sub-wavelength acoustic grating.
e Apply analogy with the HCG to identify whether similar functionalities exist.
e Propose an optimized reflector design.

For these goals, you will do numerical simulations and theoretical analysis of them. This requires solid
understanding on electromagnetism. A basic understanding on programming is a plus. If successful, the
outcome of this project could be developed as a Ph.D. project that may include the experimental activity.
Thus, this project is open not only for a student interest in theory, but also for one in experiment.

If you want to hear more about the project, you are encouraged to come by our offices or send us an email.
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